Appl. No. 10/032,229 Amdt. dated Reply to Office action of January 4, 2006 

REMARKS /ARGUMENTS 

In response to the Office Action of January 4, 2006, 
Applicants request re-examination and reconsideration of this 
application for patent pursuant to 35 U.S.C. 132. 

Claim Status/Support for Amendments 

New claims 15-17 have been added. Claims 1-4 have been 
cancelled. Claims 13 and 14 were cancelled in a previous response 
(filed on June 27, 2005) . Claims 5-12 are withdrawn from 
consideration. It is understood that claims 5-12, drawn to the non- 
elected invention, will remain pending, albeit withdrawn from 
consideration on the merits at this time. Applicants wish to 
preserve their right to present claims 5-12 in a divisional 
application (s) . 

Originally examined claims 1-4 are cancelled herein. Claims 
15-17 find their basis in and replace claims 1-4, thus, claims 15- 
17 are currently under examination. Claims 5-12 and 15-17 remain 
pending in the instant application. 

No new matter has been added by the addition of new claims 15- 

17/ 

New claim 15 finds its basis in claim 1 as originally filed 
and clarifies that the claimed method can be used for diagnosing 
Alzheimer's dementia by determining the presence of a 

6 



Appl. No. 10/032,229 Amdt. dated Reply to Office action of January 4, 2006 



thrombospondin polypeptide weighing about 180 kDa in a sample of 
body fluid. This method finds support throughout the instant 
specification as originally filed, see, for example, page 1, lines 
5-14; page 10, line 12 to page 11> line 1; page 15, lines 6-15; 
page 19, line 22 to page 21, line 13 and Figures 1 and 2. 

New claims 16 and 17 are original claims 3 and 4 rewritten for 
proper dependency on claim 15. 

Rejections under 35 USC 112, first paragraph 

Claims 1-4, as presented on June 27, 2005, stand rejected 
under 35 USC 112, first paragraph, because the specification, while 
being enabling for detection of thrombospondin, allegedly does not 
reasonably provide enablement for diagnosis of dementia via 
detection of a marker indicative of thrombospondin or of 
thrombospondin in body fluid from mammalian samples. The Examiner 
alleges that the specification does not enable any person skilled 
in the art to which it pertains, or with which it is most nearly 
connected, to make and use the invention commensurate in scope 
with these claims. 

The Examiner asserts that the specification is insufficient 
to enable one skilled in the art to practice the invention as 
broadly claimed without undue experimentation. The factors relevant 
to this discussion include the quantity of experimentation 
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necessary, the lack of working examples, the unpredictability of 
the art, the lack of sufficient guidance in the specification and 
the breath of the claims. 

The Examiner asserts that Applicants claims are directed to 
diagnosis of dementia via detection of a marker indicative of 
thrombospondin or of thrombospondin in body fluid from mammals. 

The Examiner alleges that the specification does not enable 
the broad scope of the claims because the specification fails to 
delineate those markers that are suitably indicative of 
thrombospondin besides detection of thrombospondin itself.- Further, 
the specification fails to delineate any suitably correlative 
marker, thrombospondin or otherwise that is indicative of the 
diagnosis of dementia. 

The Examiner asserts that the art recognizes that even today 
definitive diagnosis of dementia as a condition in and of itself 
is confounding because of mental decline that may be linked to a 
plethora of diseases and/or conditions. For example, dementia is 
associatively developed in patients with the clinically distinct 
pathologies of Down's syndrome, Parkinson's disease, Huntington's 
disease, vascular disease or stroke as well as Alzheimer's disease. 
Cognitive decline is also recognized among normal aged patients. 
The closet diagnostic measure is that as delineated in DSM 
criteria, but is not definitively associated as a singular disease 
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or disease state, see in particular de Mendonca et al. (Journal of 
Molecular Neuroscience 23 (1-2) : 143-148 2004); Misciagna et al. 
(International Journal of Neuroscience 115 (12) : 1657-67 2005) ; 
Kilada et al. (Alzheimer's Disease Assoc. Disord. 19(1):8-16 2005) 
and The Rowland Universal Dementia Assessment Scale (RUDAS) : a 
multi-cultural cognitive assessment scale. Even so, the 
specification fails to distinguish correlation of any particular 
marker with any art accepted measure that is indicative and 
correlative to dementia diagnosis. Accordingly, no basis is 
provided that thrombospondin or thrombospondin markers are 
diagnostically indicative of any particular disease state or 
particular to dementia. While thrombospondin is recognized as being 
present in Alzheimer's plaque pathology and normal brain, see in 
particular Buee et al. (American Journal of Pathology 141(4)783-788 
1992), such is not diagnostic to dementia. Moreover, thrombospondin 
is noted to be detected in biological mammalian fluids not 
associated with dementia conditions, see for example Clezardin et 
al. Journal of Chromatography 296:249-256 1984) and Lawler et al. 
(Blood 67 (2) : 555-558 1986). This raises the issue that detection 
of thrombospondin or thrombospondin markers in blood are not 
definitive of dementia and would provide reference or sample 
testing subject to false positive diagnosis. 
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The scope of the claims must bear a reasonable correlation 
with the scope of enablement {In re Fisher 166 USPQ 1924 (CCPA 
1970) ) . Without such guidance, the changes which can be made and 
still maintain activity/utility is unpredictable and the 
experimentation left to those skilled in the art is unnecessarily, 
and improperly, extensive and undue. See Ex parte Forman, 230 USPQ 
546 (Board of Patent Appeals and Interferences 1986) . Thus, the 
skilled artisan cannot readily make and use the claimed sequences 
without further undue experimentation. 

Applicants respectfully disagree with all of the Examiner's 
assertions . 

Claims 1-4 have been cancelled and new claims 15-17 have been 
added. New claims 15-17 are drawn to a method for diagnosing 
Alzheimer's dementia by determining the presence of a 
thrombospondin polypeptide weighing about 180. kDa in a sample of 
body fluid. Figures 1 and 2 provide data which evidences that a 
thrombospondin polypeptide weighing about 180 kDa was identified 
in samples obtained from patients having Alzheimer's disease but 
was not identified in samples obtained from patients age-matched 
with the patients having Alzheimer's disease. Thus, the 180 kDa 
thrombospondin polypeptide is shown to be a marker of Alzheimer's 
dementia and it follows that the instant specification as 
originally filed fully enables a method of diagnosing Alzheimer's 
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dementia by determining the • presence of a thrombospondin 
polypeptide weighing about 180 kDa in a sample. 

Accordingly, Applicants respectfully request that this 
rejection under 35 USC 112, first paragraph now be withdrawn. 

Claims 1-4, as presented on June 27, 2005, stand rejected 
under 35 USC 112, first paragraph, as containing subject matter 
which allegedly was not described in the specification in such a 
way as to reasonably convey to one skilled in the relevant art that 
the inventor (s), at the time that the application was filed, had 
possession of the claimed invention. 

The Examiner asserts that the specification is on point to the 
protein thrombospondin, which is asserted as being diagnostic to 
dementia. However, the claims as written are directed to the term 
"a marker indicative of thrombospondin". However, the specification 
fails to delineate markers that are "indicative of thrombospondin" . 
The specification provides the following definition with respect 
to "marker" at pages 10-11. "As used herein the term "marker" 
"biochemical marker" or "marker protein" refers to any enzyme, 
protein, polypeptide, peptide, isomeric ' form thereof, 
immunologically detectable fragments thereof, or other molecule, 
whose presence, absence or variance in fluids from so-called 
"normal" levels, are circulating bodies indicative of dementia. 
Most particularly, such markers may be illustrated as being 
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released from the brain during the course, of dementia related 
changes, e.g. AD pathogenesis. Such markers include, but are not 
limited to, any unique proteins or isoforms thereof are 
particularly associated with the brain. Yet such does not describe 
any member protein that is suitably "indicative of thrombospondin" 
and diagnostic to dementia. 

A genus claim may be supported by a representative number of 
species as set forth in Regents of the University of California v. 
Eli Lilly & Co, 119F3d 1559, 1569, 43 USPQ2d 1398, 1406 (Fed. Cir. 
1997) . For example, a description of a genus of cDNAs may be 
achieved by means of a recitation of representative number of 
cDNAs, defined by nucleotide sequence, falling within the scope of 
the genus, or recitation of structural features common to the 
genus, which features constitute a substantial portion of the 
genus . 

The Examiner asserts that the instant specification discloses, 
however, a single polypeptide thrombospondin that is asserted to 
be diagnostic to dementia but provides no evidence for such a 
correlation of for the correlation of any particular marker 
indicative of thrombospondin that provides for diagnosis. 
Accordingly, the scope of the genus recitation lacks evidence of 
even a single species member. Given the unpredictability of 
diagnostic correlative comparisons, and the fact that the 
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specification fails to provide objective evidence of any species 
of the claimed genus it cannot be established that a representative 
number of species have been disclosed to support the genus claim. 
No correlative structure or functional activity for the marker is 
set forth. Accordingly, the Examiner concludes that the claims lack 
adequate written description support. 

Applicants respectfully disagree with the Examiner's 
conclusion. 

The term "marker" as used in the instant specification refers 
to any molecule whose presence, absence or variance, i.e. 
differential expression, from levels in a normal physiological 
state is indicative of a disease state. For example, in the instant 
case, a 180 kDa protein is found to be present in samples obtained 
from Alzheimer's disease patients and absent in samples obtained 
from patients age-matched with the Alzheimer's disease patients. 
Thus, this 180 kDa protein is considered to be a "marker" of 
Alzheimer' s disease. 

Thrombospondin-1 (TSP-1) is known to be a trimeric protein 
composed of three disulf ide-linked 180 kDa polypeptide subunits 
(see page 3 of the attached article by Abdeloushed et al. as 
accessed from jbc online on June 28, 2006; Journal of Biological 
Chemistry 275 (24 ): 17933-17936 2000; reference 1). The instant 
inventors have identified the 180 kDa protein as a polypeptide 
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subunit of thrombospondin-1 (see the instant specification at page 
19, line 22 to page 21, line 13 and Figures 1 and 2). Since the 
quaternary structure of thrombospondin-1 is known to be made up of 
an arrangement of three poylpeptide chains each weighing about 180 
kDa; one of the polypeptide chains is considered indicative of the 
whole thrombospondin-1 protein. Thus, the instant inventors refer 
to the protein identified in the described experiments as a "marker 
indicative of thrombospondin" . 

Furthermore, autoantibodies against thrombospondin are also 
contemplated as "markers indicative of thrombospondin" (see the 
instant specification at page 15, line 16 to page 16, line 5) . 

Thus, Applicants respectfully submit that, contrary to the 
Examiner's assertion, they had possession of "markers indicative 
of thrombospondin" at the time that the instant application was 
filed. However, in the interest of compact, efficient prosecution, 
claims 1-4 have been cancelled and new claims 15-17 recite "a 
thrombospondin polypeptide weighing about 180 kDa". 

Accordingly, Applicants respectfully request that this 
rejection under 35 USC 112, first paragraph, now be withdrawn. 

Rejection under 35 USC 112, second paragraph 

Claims 1-4, as presented on June 27, 2005, stand rejected 
under 35 USC 112, second paragraph, as being indefinite for 
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allegedly failing to particularly point out and distinctly claim 
the subject matter which applicant regards as the invention. 

The Examiner notes that the claims are directed to the term 
" a marker indicative of thrombospondin" . However, the Examiner 
asserts that the specification fails to delineate markers that are 
indicative of thrombospondin. The specification provides the 
following definition with respect to "marker" at pages 10-11. "As 
used herein, the term "marker" "biochemical marker" or "marker 
protein" refers to any enzyme, protein, polypeptide, peptide 
isomeric form thereof, immunologically detectable fragments 
thereof, or other molecule, whose presence, absence, or variance 
in fluids from so-called "normal" levels, are circulating bodies 
indicative of dementia. Most particularly, such markers may be 
illustrated as being released from the brain during the course of 
dementia related changed, e.g. AD pathogenesis. Such markers 
include, but are not limited to, any unique proteins or isoforms 
thereof that are particularly associated with the brain. However, 
such does not clarify whether any brain-associated protein 
exhibiting such modulation is appropriate or whether particular 
ones are intended. Accordingly, the Examiner concludes that the 
scope of the claims cannot be determined. 

Applicants respectfully disagree with the Examiner's 
conclusion. The meaning of the term "marker indicative of 
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thrombospondin" is clarified above in the response to the rejection 
under 35 USC 112, first paragraph (written description) . 

However, in the interest of compact, efficient prosecution, 
claims 1-4 have been cancelled and new claims 15-17 recite "a 
thrombospondin polypeptide weighing about 180 kDa". 

Accordingly, Applicants have now clarified the metes and 
bounds of the claims and respectfully request that this rejection 
under 35 USC 112, second paragraph be withdrawn. 

Rejection under 35 USC 102 (e) 

Claims 1-4, as presented on June 27, 2005, stand rejected 
under 35 USC 102(e) as allegedly being anticipated by Ni et al. (US 
6,605,592 or in the alternative Ni et al. US PGPub 2002 0068319). 
The Examiner asserts that these references are cumulative and are 
therefore cited together with identical reasoning therefore. 

The Examiner asserts that Ni et al. teach the peptide of 
thrombospondin and variants that are used for detection of dementia 
based on expression in platelets and in brain, see in particular 
columns 22-93 of the patent. In addition, as noted in the PGPub, 
the invention includes antibodies to the proteins and methods of 
detection from mammalian samples. In particular, a method of 
diagnosing a pathological condition or a susceptibility to a 
pathological condition in a subject comprising: (a) determining the 
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presence or amount of expression of the polypeptide of claim 11 in 
a biological sample; and (b) diagnosing a pathological condition 
or a susceptibility to a pathological condition based on the 
presence or amount of expression of the polypeptide, is included 
(see claim 19) . 

Accordingly, the Examiner concludes that the teachings of Ni 
et al. fairly anticipate a method for diagnosing dementia in a 
mammal via obtaining body fluid samples, detecting thrombospondin 
via antibodies and correlating the presence with dementia, 
including Alzheimer's. 

Applicants respectfully disagree with the Examiner's 
conclusion. 

Claims 1-4 have been cancelled and new claims 15-17 recite "a 
thrombospondin polypeptide weighing about 180 kDa". 

It is well established that in order for a claim to be 
anticipated each and every element as set forth in the claim must 
be found, either expressly or inherently described in a single 
prior art reference (see MPEP 2131) . 

In general, Ni et al. are concerned ■ with secreted human 
proteins, and disclose multiple novel human secreted proteins and 
nucleic acids encoding the proteins. At column 22 of US 6,605,592, 
the involvement of the thrombospondin family of proteins, including 
TSP-1, with angiogenesis is discussed. Ni et al. state that there 
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is a need in the art to identify other molecules involved in the 
regulation of angiogenesis . Figure 4 of the patent shows the 
nucleotide sequence (SEQ ID NO: 18) and the deduced amino acid 
sequence (SEQ ID NO: 89) of. THRAP. The novel THRAP protein exhibits 
TSP-l-like domains, IgG-like domains and proteinase inhibitor-like 
domains also shown in Figure 4. Figure 5 shows the regions of 
identity between the amino acid sequence of THRAP and the 
translation product of thrombospondin-like protein as determined 
by BLAST analysis. Thus, Applicants respectfully assert that Ni et 
al. does not teach a thrombospondin peptide, but a peptide that 
shares some similar domains with thrombospondin. 

Furthermore, even if Ni et al. did disclose thrombospondin, 
they do not teach a polypeptide subunit of thrombospondin-1 
weighing about 180 kDa that was identified as present in 
Alzheimer's patients and absent in control patients and thus useful 
as a marker for diagnosing Alzheimer's disease. 

Thus, Ni et al. • can not be said to either expressly or 
inherently describe each and every element in the claims as now 
presented for examination. 

Accordingly, Applicants respectfully submit that they have now 
pointed out how the method as instantly claimed distinguishes over 
the method taught by Ni et al. and respectfully request that this 
rejection under 35 USC 102(e) now be withdrawn. 
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Rejection under 35 USC 103 (a) 

Claims 1-4, as presented on June 27, 2005, stand rejected 
under 35 USC 103(a) as allegedly being unpatentable over Ni et al. 
(US 6, 605, 592) or in the alternative Ni et al. (US PGPub 2002 
0068319), further in view of Buee et al. (American Journal of 
Pathology 141 (4 ): 783-788 1992; IDS) and WO 98/07035 (IDS). 

The Examiner asserts that WO 98/07035 teaches direct 
immunoassay amongst blood samples for the presence of 
thrombospondin, see in particular the abstract, claims and 
throughout thereby teaching steps (a) , (b) and (c) . 

The Examiner states that the teachings of Ni et al. are as 
noted above in the 102(e) section. Ni et al. note that dementia may 
be detected via such analysis for thrombospondin in blood, but fail 
to teach the direct measurement or correlation of the presence of 
thrombospondin in blood with the occurrence of dementia. 

The Examiner asserts that Buee et al. note that thrombospondin 
is part of a family of adhesive glycoproteins and is involved in 
a number of physiologic processes such as angiogenesis and neurite 
outgrowth. Immunohistochemical localization of thrombospondin in 
normal human brains was investigated in the hippocampus and 
inferior temporal cortex. Two antibodies (one polyclonal and one 
monoclonal) against thrombospondin-labeled microvessels, glial 
cells, and a subpopulation of pyramidal neurons. The distribution 
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of thrombospondin staining in patients with Alzheimer's disease was 
found comparable to control subjects. However, in patients with 
Alzheimer's disease a subset of pyramidal neurons that may be 
vulnerable in Alzheimer's disease exhibited decreased staining. 
This decrease in the intensity of labeling might constitute a 
marker for neuronal population prone to early degeneration. In 
addition, thrombospondin staining was demonstrated in senile 
plaques in Alzheimer's disease. These results suggest that 
thrombospondin may be involved in the process of neuronal 
degeneration and senile plaque formation. Accordingly, Buee et al. 
evidences the correlation of the presence of thrombospondin with 
the occurrence of dementia, even though the correlation was not in 
blood fluid, this is not a limitation of the claims. In short, 
thrombospondin detection in blood was known in addition to its 
presence in. brains of demented mammals, particularly within 
Alzheimer's patients. 

Accordingly, the Examiner asserts that the cumulative 
reference teachings motivate the artisan to diagnose dementia via 
detection of the correlation of thrombospondin with the occurrence 
of dementia and motivates the artisan to detect thrombospondin or 
thrombospondin variants via immunoassay from blood in correlation 
with its presence in brain pathology associated with Alzheimer's 
disease and dementia patients, thereby diagnosing dementia. 
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Accordingly, the Examiner concludes that the cumulative 
references render the claimed invention obvious to the artisan and 
establish an expectation of success as Buee et al. evidences that 
the dementia patients are in fact correlated with the presence or 
detection of thrombospondin in blood via immunoassay. 

Applicants respectfully disagree with the Examiner's 
conclusion . 

Claims 1-4 have been cancelled and new claims 15-17 recite "a 
thrombospondin polypeptide weighing about 180 kDa" . 

Ni et al. is as discussed above in the response to the 
rejection under 35 USC 102(e). 

WO 98/07035 teaches an immunoassay for detection of arthritic 
degradation products (ADP) in body fluids. One of these ADPs is a 
20 kDa fragment of thrombospondin derived from the N-terminus of 
TSP-1 (see Summary of the Invention) . No where does WO 98/07035 
teach or suggest a thrombospondin polypeptide weighing 180 kDa or 
any other weight that is useful as a marker for diagnosing 
Alzheimer's disease. Thus, WO 98/07035 does not remedy the 
deficiencies of the teachings of Ni et al. 

Buee et al. used antibodies against thrombospondin to compare 
its distribution between neurologically normal elderly patients and 
patients having Alzheimer's disease. This comparison was made post 
mortem by using immunohistochemical staining of brain tissue 
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samples. In contrast to Buee et al., the claimed method of 
diagnosis of Alzheimer's disease involves testing body fluid 
obtained from living patients for the presence of a 180 kDa 
thrombospondin polypeptide. Thus, Buee et al. do not remedy the 
deficiencies of the teachings of Ni et al. 

The Examiner asserts that Buee et al. evidence the correlation 
of the presence of thrombospondin with the occurrence of dementia, 
even though the correlation was not in blood fluid, this is not a 
limitation of the claims. However, both the claims as originally 
filed and as amended herein are clearly limited to samples of body 
fluid, including blood and/or blood products. 

The cited references (Ni et al. US 6, 605, 592; or in the 
alternative Ni et al. US PGPub 2002 0068319; Buee et al. American 
Journal of Pathology 141 (4 ): 783-788 1992; and WO 98/07035 ) neither 
separately nor combined teach or suggest all of the claim 
limitations. Although one of ordinary skill in the art might 
suspect that thrombospondin is involved with some aspect of 
Alzheimer's pathogenesis one would have no reasonable expectation 
of success if attempting to use thrombospondin to diagnose 
Alzheimer's disease in living patients since one of ordinary skill 
in the art would not know that the presence of a 180 kDa 
thrombospondin polypeptide in a sample of body fluid could 
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distinguish Alzheimer's disease from an age-matched normal 
physiological state . 

Additionally, a reference or combination of references used 
in support of a rejection under 35 USC 103(a) must enable the 
claims to which it is applied against in order to properly 
establish a prima facie case of obviousness. Since neither the 
cited references nor any other prior art teaches and/or suggests 
a method for diagnosis of Alzheimer's disease by testing body fluid 
samples for the presence of a 180 kDa thrombospondin polypeptide, 
the cited references can not enable one of ordinary skill in the 
art to use the claimed method. 

In light of all of the above remarks, Applicants respectfully 
submit that the Examiner has failed to establish a prima facie case 
of obviousness and further contend that a physician and/or 
researcher of ordinary skill in this art, having the cited 
references (Ni et al. US 6, 605, 592; or in the alternative Ni et al. 
US PGPub 2002 0068319; Buee et al. American Journal of Pathology 
141 (4) : 783-788 1992; and WO 98/07035 ) in front of him/her would 
not have the information and motivation necessary to arrive at 
Applicants' invention . 

Thus, it is respectfully submitted that the cited combination 
of references fails to reasonably teach or suggest to an artisan 
of ordinary skill in medicine/biological chemistry the elements of 
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Applicants' method as specifically set forth in claims 15-17 as 
presented herein. 

Accordingly, Applicants respectfully submit that the claimed 
method distinguishes over the prior art and respectfully request 
that this rejection under 35 USC 103(a) now be withdrawn. 
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CONCLUSION 



In light of the foregoing remarks and amendments to the 



claims, it is respectfully submitted that the Examiner will now 
find the claims of the application allowable. Favorable 
reconsideration of the application is courteously requested. 



McHale & Slavin, P. A. 
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► ABSTRACT 

Thrombospondin- 1 (TSP- 
1) has been shown to bind 
and activate transforming 
growth factor-Pi (TGF- 
Pl). This observation 

raises the possibility that 

TSP-1 helps to sequester TGF-Pl in platelet a granules and activates TGF-Pl once both proteins are 
secreted. Herein, we evaluated the level of active and latent TGF-Pl in the plasma and in the 
supernatant of thrombin-treated platelets from TSP-1 null and wild-type mice on two genetic 
backgrounds (C57BL/6 and 129Sv). The plasminogen activator inhibitor- 1/luciferase bioassay and an 

http://wwwJbc.org/cgi/content/full/275/24/17933 6/28/2006 
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immunological assay were used to determine active and latent TGF-Pl. No significant differences 
were observed in the levels of active and latent TGF-Pl in the supernatant of thrombin-treated platelets 
from TSP-1 null and wild-type mice. Active and latent TGF-Pl were significantly increased in the 
plasma and platelets of C57BL/6 mice as compared with 129Sv mice. In addition, there was an 
increase of plasma level of latent TGF-Pl in TSP-1 null mice as compared with wild-type mice on the 
C57BL/6 background but not on the 129Sv background. No active TGF-Pl was observed in the plasma 
of either TSP-1 null and wild-type mice. These data indicate that TSP-1 does not function as a 
chaperon for TGF-Pl during platelet production and does not activate significant quantities of secreted 
TGF-Pl despite a vast excess in the number of TSP-1 molecules as compared with TGF-Pl molecules. 
Because platelet releasates from TSP-1 null mice contain active TGF-Pl, we suggest that other 
important mechanisms of physiological activation of TGF-Pl probably exist in platelets. 

► INTRODUCTION 
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Transforming growth factor-P (TGF-Pl , -2, and -3) are 
mammalian cytokines with a wide range of biological effects 

(1) . They are involved in the regulation of development, 
proliferation, angiogenesis, inflammation, extracellular matrix 
production, integrin expression, protease activity, and apoptosis 

(2) . They play a pathologic role in inflammation and fibrotic diseases such as nephrosclerosis (3). 
Mice null for either, TGF-Pl, -2, and -3 do not survive beyond a few days or weeks (4-8). Surviving 
pups of animals null for TGF-Pl exhibit dysregulated myelopoiesis and a wasting syndrome 
characterized by an inflammatory response targeting the heart, lung, pancreas, stomach, liver, and 
striated muscle that has been attributed to an autoimmune process (9, 10). Overexpression of TGF-Pl 
causes lethality in utero or just after birth (1 1). 

TGF-Pl is synthesized by cells in a latent form that must be activated to be recognized by cell-surface 
receptors and to trigger biological responses (2). Small latent TGF-Pl is a dimeric complex of —100 
kDa, composed of two identical chains in which an amino-terminal 278 amino acid latency-associated 
peptide (LAP) is noncovalently associated with the carboxyl-terminal 1 12 amino acid active peptides 
(12). This latent complex is the product of a single gene. Prior to secretion, LAP is enzymatically 
cleaved from the active peptide, and the integrity and latency of the secreted complex are presumably 
maintained via electrostatic interactions (13). Latent TGF-Pl can exist as a large complex in which it is 
associated with a latent TGF-Pl -binding protein (LTBP). LTBP has features in common with 
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extracellular matrix proteins and targets latent TGF-Pl to the matrix (2). The latency of TGF-Pl is 

dependent on the presence of LAP; the presence of LTBP is neither necessary nor sufficient for 
prevention of activation (14). 

Physiological mechanisms of activation of TGF-Pl are not well understood (12), although proteolytic 
processing by plasmin, exposure to reactive oxygen species, and binding to oc^ integrin may 

participate in TGF-Pl activation (2, 15). Interaction of latent TGF-Pl with thrombospondin- 1 (TSP-1) 
results in activation of latent TGF-Pl (16-19). TSP-1 is a trimer of disulfide-linked 180-kDa subunits 
found at high concentrations in platelet a granules and also produced by a number of other cell types 
(20). It is an adhesive protein with a number of domains available for binding to cell surface or matrix 
proteins. TSP-1 -deficient mice are viable and exhibit subtle abnormalities in development (21). The 
adult mice exhibit increased inflammatory cell infiltrates and epithelial cell hyperplasia in the lungs, 
suggesting that TSP-1 is involved in normal lung homeostasis (21). TSP-1 purified from human 
platelets has been shown to contain TGF-Pl (22). TSP-1 also activates TGF-Pl in cell culture assays 
when added to endothelial cells. The site in TSP-1 responsible for latent TGF-Pl activation has been 
localized to the type 1 repeats, especially the K 412 RFK 415 sequence located between the first and 
second type 1 repeats of TSP-1 (16). More recently, Ribeiro et al. (23) showed that the TSP-1 
sequence KRFK binds LAP through interactions that involve a specific sequence at the amino 
terminus of LAP (L 54 SKL 57 ). The binding of TSP-1 to LAP appears to induce a conformational 
change that renders the TGF-Pl active. 

Mechanisms controlling conversion of the latent complex to the active state are key regulators of 
TGF-Pl activity. TSP-1 is the first activator of TGF-Pl shown to function in natural, untreated, 
nondiseased tissues in vivo (24). The previous observations that purified platelet TSP-1 contains 
associated TGF-Pl (16-19), raises the possibility that TSP-1 activates platelet TGF-Pl or serves as a 
carrier for TGF-Pl during «, granules formation. Here, we evaluated and compared the level of active 
and latent TGF-Pl in the plasma and in platelet a granules of TSP-1 null and wild-type mice using the 
plasminogen activator inhibitor- 1/luciferase bioassay (25) and the commercial TGF-Pl enzyme-linked 
immunosorbent assay (ELISA) kit (Genzyme, Boston, MA). We observed that (i) there is no active 
TGF-Pl in the plasma of both TSP-1 null and wild-type mice, (ii) there is an increase in the level of 
plasma latent TGF-Pl in TSP-1 null C57BL/6 mice compared with wild-type, and (iii) there is no 
significant difference in the level of active and latent TGF-Pl in platelets from TSP-1 null and wild- 
type mice. Despite the absence of TSP-1 in TSP-1 null mice, active TGF-Pl is observed in the platelet 
releasates. These data suggest that TSP-1 is not the only physiological activator of TGF-Pl in platelet 
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oc granules and that TSP-1 does not play a role of carrier for TGF-Pl during platelet biosynthesis. 

► EXPERIMENTAL PROCEDURES 

Animals— TSP-1 null animals were generated by homologous 
recombination in 129Sv-derived ES cells, as described 
previously (21). 

Preparation and Stimulation of Mouse Platelets-- Mice were 
anesthetized with 2.5% avertin. Blood was drawn by periorbital 

insertion of a heparinized capillary tube (-1.5 cm in length). 

Blood from five to eight TSP-1 null and wild-type (C57BL/6 or 129Sv) mice was drawn into tubes 

containing acid-citrate dextrose and pooled separately. Platelets were isolated by differential 

centrifugation and washed in pH 6.5 buffer containing 0.102 M NaCl, 3.9 raM K 2 HP0 4 , 3.9 mM 

Na 2 HP0 4 , 22 mM NaH 2 P0 4 , and 5.5 mM glucose. The platelets were resuspended in 15 mM Tris-HCl 

(pH 7.6), 0.14 M NaCl, 5 mM glucose, and 2 mM CaCl 2 . The platelet counts were determined and 

platelet concentration was adjusted to 1.8 * 10 5 platelets/ul. Platelets were activated with human 
thrombin (0.5 unit/ml; Sigma) for 3 min under constant stirring. Platelet aggregates were centrifuged 
at 3,000 x g, and the releasates of thrombin-stimulated platelets were collected and stored at -20 °C 
for further quantification of total and active TGF-Pl by both the TGF-Pl ELISA kit and the 
plasminogen activator inhibitor- 1/luciferase bioassay (25). In other experiments, thrombin-activated 
platelets are treated with 10 mM EDTA for 10 min before the collection of the releasate of thrombin- 
stimulated platelets. 

Quantification of Total and Active TGF-$1 by ELISA Kit- Total and active TGF-Pl concentration in 
the plasma and in the supernatant of thrombin-treated platelets from TSP-1 null and wild-type mice 
were assayed by a sandwich TGF-Pl ELISA kit (Genzyme, Boston, MA) according to the 
manufacturer's specifications. Plasma and supernatant of thrombin-treated platelets were thawed and 
divided into two pools. In the first pool, acid activation was required to convert latent to active TGF-Pl 
and to record detectable levels of total TGF-Pl . By contrast, no acid activation is used in the second 
pool; the TGF-Pl levels in the samples are therefore representative of active TGF-Pl in the plasma or 
in the supernatant of thrombin-treated platelets. Plasma (10 ul) and supernatant of thrombin-treated 
platelets (50 ul) were added to sample diluent with or without 1 N HC1 for 60 min at 4 °C followed by 
neutralization with 1 N NaOH if samples were activated with HC1. Samples were plated on microtiter 
plates coated with anti-TGF-Pl antibody and incubated at 37 °C for 60 min. After vigorous washing, 
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wells were incubated with a second biotin-conjugated anti-TGF-Pl antibody, and the peroxidase 
reaction was initiated. A standard curve was constructed using serial dilutions of human TGF-Pl 
(Genzyme) as standard. TGF-Pl levels in samples were compared with known standards and read as 
nanograms per milliliter. 

Quantification of Total and Active TGF-$1 by the Plasminogen Activator Inhibitor- 1/Luciferase 
Bioassay- Total and active TGF-Pl concentration in the supernatant of thrombin-treated platelets 

from TSP-1 null and wild-type mice were assayed using the plasminogen activator inhibitor- 

1/luciferase (PAI/L) assay, first described by Abe et al. (25). This assay is based on the ability of 

TGF-Pl to induce plasminogen activator inhibitor- 1 (PAI-1) expression in mink lung epithelial cells 

(MLECs) transfected with a construct containing a truncated PAI- 1 promoter fused to a firefly 

luciferase reporter gene. Transfected MLECs were a generous gift from Dr. D. B. Rifkin (New York 

University Medical Center). Cells were maintained in high glucose (4,500 mg/liter) Dulbecco's 

modified Eagle's medium (Life Technologies, Inc., Paisley, UK) supplemented with 5% fetal calf 

serum, 2 mM L-glutamine, 10 mM HEPES, 1 mM sodium pyruvate, and 200 ^ig/ml Geneticin (G418- 

sulfate) (Calbiochem-Novabiochem Ltd., Nottingham, United Kingdom (UK)). Cells were cultured in 

a humid atmosphere at 37 °C, 5% C0 2 , and passaged maximally 30 times. As described above, the 

supernatants of thrombin-treated platelets were divided into two pools. This time, however, the first 
pool was diluted in serum-free Dulbecco's modified Eagle's medium containing 0.1% pyrogen-poor 
bovine serum albumin (Pierce & Warriner UK Ltd., Chester, UK) and heat-activated for 10 min at 
80 °C. As before, the second pool remained untreated so as to measure the amount of active TGF-Pl 
present. MLECs were trypsinized and washed and the cell density adjusted to 1.6 * 10 5 cells/ml 
before plating 100 ul/well into a 96-well tissue culture plate (Falcon, Becton Dickenson, Oxford, UK). 
Cells were incubated for 3-4 h to allow for optimal attachment to the plastic. Following aspiration of 
the growth medium from the attached cells, 100 |il of the sample was added in triplicate. Cells and 
samples were then incubated for 14-16 h at 37 °C, 5% C0 2 . Following incubation, all wells were 

checked microscopically for cell viability before washing twice with 100 u.1 of phosphate-buffered 
saline. Cells were then lysed using 100 ul/well of 1 x lysis buffer (Promega, Southampton, UK) and 
incubated with agitation at room temperature for 20 min. Forty-five microliters of the cell lysates were 
transferred to an opaque Microlite™ 1 Microtiter® read plate (Dynex Technologies Ltd., West 
Sussex, UK). Lysates were analyzed for luciferase activity using an MLX Luminometer (Dynex 
Technologies Ltd.) following the injection of 1 10 ul/well of substrate solution (20 mM tricine, 
1.07 mM Mg(CO) 3 Mg(OH) 2 -5H 2 0, 2.67 mM MgS0 4 , 0.1 mM EDTA, 33.3 mM dithiothreitol, 750 uM 
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ATP, and 800 uM luciferin (Promega, Southampton, UK)). The flash of light obtained upon mixing 
the lysates with the substrate was recorded as relative light units. The mean values of the triplicates 
were then converted into concentrations of TGF-Pl in picograms per milliliter using a standard curve 
obtained with human recombinant TGF-Pl (R&D Systems, Abingdon, UK). 

Statistical Analysis-- Data are expressed as the mean ± S.E. Statistical evaluation of the data was 
performed using the unpaired t test, considering p values <0.05 as significant. 

► RESULTS AND DISCUSSION 
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Since TGF-Pl binds to TSP-1 with high affinity (16-19), we 
hypothesized that TSP-1 may function as a carrier protein for 

TGF-Pl. To test this hypothesis, we assayed the quantity of 

TGF-Pl that is secreted from wild-type and TSP-1 null platelets 

in response to thrombin. As shown in Fig. 1, the level of total 

TGF-Pl is equivalent in the supernatants from the wild-type and 

TSP-1 null platelets. We have confirmed this result by employing two different assays for TGF-Pl and 
two different strains of TSP-1 null mouse. In our hands, the bioassay consistently gives higher values 
than the TGF-Pl ELISA kit; however, the relative levels of active TGF-Pl as compared with total 
TGF-Pl are consistent between the two assays. 
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Fig. 1. Active TGF-Pl is present in the supernatant of 
throm bin-treated platelets from TSP-1 null mice. Mice 
platelets from TSP-1 null and wild-type mice were activated with 
0.5 unit/ml human thrombin for 3 min, platelet suspensions were 
centrifuged, and platelet supernatants were removed. Total and 
active TGF-Pl were assayed in the supernatant of thrombin-treated 
platelets from TSP-1 null and wild-type C57BL/6 (A) and 129Sv 
(B) mice by a TGF-Pl ELISA kit and the plasminogen activator 
inhibitor- 1/luciferase bioassay. Results are expressed as the 
means ± S.E. of duplicate determinations of four to six separate 
experiments (ELISA) and three to four separate experiments 
(Bioassay). 



TSP-l reportedly binds to the platelet membrane after secretion when calcium is present (26). Thus, 
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TGF-Pl that is complexed with TSP-1 may also become associated with the platelet membrane. If this 
is the case, then the TGF-Pl levels that we measured in the supernatant of the thrombin-treated wild- 
type platelets may be anomalously low. To determine whether this is the case, we treated the platelets 
with 10 mM EDTA after thrombin treatment to remove the TSP-1 from the platelet membrane (Fig. 2). 
Treatment of the platelets with EDTA resulted in an increase in the level of TGF-Pl in the supematants 
of both the wild-type and the TSP-1 null platelets (Fig. 2). Thus, while there appears to be a calcium- 
dependent mechanism for the association of TGF-Pl to the platelet membrane, it does not require TSP- 
1 . It is known that LAP contains an arginine-glycine-aspartate (RGD) sequence that might function to 
localize latent cytokine to the cell surface by binding integrins (2). Grainger et al (27) reported 
indirect evidence that the RGD sequence in platelet-derived latent TGF-Pl may be recognized by 
platelet integrins. Like several other matrix proteins, human LTBP also contains an RGD sequence; 
however, there are no reports that this sequence serves as an integrin ligand (2). In wild-type mice, 

LAP can remain associated with the TSP-1 /TGF-Pl complex without inhibiting the activity of TSP-1 - 
associated TGF-Pl (23). 
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Fig. 2. Treatment of platelets with EDTA increases the level 
of TGF-Pl in the supernatants of both the wild-type and the 
TSP-1 null platelets. Mice platelets from TSP-1 null and wild- 
type were activated with 0.5 unit/ml human thrombin for 3 min 
and treated with 10 mM EDTA for 10 min. Platelet suspensions 
were centrifuged and platelet supernatants were removed. Total 
and active TGF-Pl were assayed in platelet releasates from TSP-1 
null and wild-type C57BL/6 (A) and 129Sv (B) mice by a TGF-Pl 
ELISA kit and the plasminogen activator inhibitor- 1/luciferase 
bioassay. Results are expressed as the means ± S.E. of duplicate 
determinations of three to five separate experiments (ELISA) and 
three to four separate experiments (Bioassay). 



Surprisingly, we have found that the absence of TSP-1 has no effect on the level of active TGF-Pl in 
the supernatant of thrombin-treated platelets (Figs. 1 and 2). In the lung, pancreas, and liver, TSP-1 
null mice exhibit pathologies that are similar to, although generally not as severe as, TGF-Pl null mice 
(21, 24). The abnormalities include epithelial cell hyperplasia and focal inflammation. Treatment of 
the TSP-1 null mice with the TGF-Pl -activating peptide KRFK normalizes these abnormalities in the 
lung and pancreas (24). Furthermore, treatment of wild-type mice with a peptide (LSKL) that inhibits 
the ability of TSP-1 to activate TGF-Pl induces lung and pancreas pathologies similar to those seen in 
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the TSP-1 null mice (24). These data indicate that constitutive activation of TGF-Pl by TSP-1 
contributes to epithelial homeostasis in some organs. It remains possible that TSP-1 is an important 
activator of TGF-Pl in platelets from wild-type mice and that an alternative pathway is up-regulated in 
the absence of TSP-1. Since active TGF-Pl is present in the supernatant of thrombin-treated TSP-1 
null platelets, alternative mechanisms for TGF-Pl activation must be present in platelets. These 
mechanisms may involve the association of TGF-Pl with another protein that is present in the a- 
granules or shed from the platelet membrane after activation. Since the platelets are removed shortly 
after thrombin-treatment, it is unlikely that the activation of TGF-Pl is due to the release of a 
constituent of the lysosomal compartment. It is also unlikely that the amount of thrombin used or the 
duration of exposure to thrombin would be sufficient to activate significant levels of TGF-Pl. In fact, 
human thrombin (0. 1 , 0.5 and 1 unit/ml) added to both serum and platelet releasate samples for 30 min 
did not increase the amount of active TGF4*1, as compared with non-thrombin-treated samples, 
demonstrating that thrombin was not responsible for the active TGF-Pl detected in our assays (data not 
shown). An alternative interpretation of the data is that TSP-1 is not a significant activator of TGF-Pl 
in platelets. In wild-type platelets, the majority of TGF-Pl is inactive despite a vast excess in the 
number of TSP-1 molecules as compared with TGF-Pl molecules (12, 28). Since the type 1 repeats 
appear to be important for protein-protein interactions in general, it is possible that TGF-Pl binding to 
TSP-1 is inhibited by the presence of another protein. It is also possible that post-translational 
modifications of TSP-1 that occur in megakaryocytes inhibit TGF-Pl binding. The data clearly show 
that coexpression of TSP-1 and TGF-Pl does not necessarily mean that TGF-Pl will be activated via a 
TSP-1 -dependent mechanism. Because TSP-1 and TGF-Pl are stored and secreted together from 
platelet a granules, and because active TGF-Pl has a short half-life, an independent spatial and 
temporal mechanism for regulating TGF-Pl activation may be necessary. This mechanism may not be 
active in epithelial cells because TGF-Pl and TSP-1 are constitutively secreted and a basal level of 
activated TGF-Pl is maintained. 

We also assayed the levels of TGF-Pl in the plasma of wild-type and TSP-1 null mice to determine 
whether there is a systemic increase in TGF-Pl levels that might compensate for the lack of a TSP-1 - 
dependent activation mechanisms that exist in epithelial tissues (21, 24). A statistically significant 
{p < 0.0 1) increase in the total TGF-Pl was observed in the plasma of the TSP-1 null mice as compared 
with wild-type mice on the C57BL/6 background (Table I). By contrast, no difference was observed in 
the plasma levels of TGF-Pl in the TSP-1 null mice and the wild-type mice on the 129Sv background. 
No active TGF-Pl was found in the plasma of either TSP-1 null and wild-type mice. Free TGF-Pl can 
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interact with and be inactivated by a number of soluble or matrix molecules, including * - 

macroglobulin, decorin, betaglycan, and fucoidan (29, 30). Furthermore, TGF-Pl in plasma is found 
almost exclusively bound to a2-macroglobulin and presumably represents activated TGF-Pl that will 
be cleared by the liver (31). The physiological mechanisms for the increase in the level of latent TGF- 
Pl in TSP-1 null C57BL/6 mice is currently unknown. 



Table I 

View this table: Plasma TGF-P 1 in C57BL/6 and 129Sv mice 

[in this window] TGF-Pl levels in the plasma of C57BL/6 and 129Sv mice were determined 
[in a new window] by a TGF-Pl ELISA kit. Results are expressed as the means ± S.E. of two 
duplicate determinations of 22-23 separate experiments for C57BL/6 mice 
and 22-26 separate experiments for 129Sv mice. 



In this study, we have shown that the levels of latent and active TGF-Pl in the supernatant of 
thromb in-treated platelets are equivalent in the presence or absence of TSP-1 . Thus, TSP-1 does not 
appear to function as a chaperon for TGF-Pl during platelet production. The lack of correlation 
between TSP-1 expression and the level of active TGF-Pl indicates that (i) the ability of TSP-1 to 
activate TGF-Pl is inhibited in wild-type mice and (ii) alternative mechanisms for activation of TGF- 
Pl are present in platelets. Elucidation of the mechanisms underlying each of the observations will 
have important implications for the regulation of TGF-Pl activation in vivo. 

► ACKNOWLEDGEMENTS 

The technical assistance of Mark Duquette is greatly appreciated. We thank Dr. Daniel Rifkin for the 
transfected MLECs and Professor Mark W. J. Ferguson for his helpful comments on this manuscript. 

► FOOTNOTES 

* This work was supported by National Institutes of Health Grant HL28749 from the NHLBI (to J. L.) 
and by the Biotechnology and Biological Sciences Research Council (BBSRC)-CASE studentship 
supported by Johnson & Johnson Medical Ltd. (to A. L.).The costs of publication of this article were 
defrayed in part by the payment of page charges. The article must therefore be hereby marked 
"advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 

11 To whom correspondence should be addressed: Dept. of Pathology, Beth Israel Deaconess Medical 
Center, Research North, Rm. 270C, 99 Brookline Ave., Boston, MA 02215. Tel.: 617-667-1694; Fax: 



http://www.jbc.org/cgi/content/full/275/24/17933 



6/28/2006 



Activation of Platelet-transforming Growth Factor beta -I in the Absence of Thrombospondin- 1 -- Ab... Page lOof 14 

, «» V 



617-667-3591; E-mail: lawler@mbcrr.harvard.edu. 

Published, JBC Papers in Press, April 14, 2000, DOI 10.1074/jbc.C000 132200 

► ABBREVIATIONS 

The abbreviations used are: TGF-Pl, transforming growth factor-P; LAP, latency-associated peptide; 
LTBP, latent TGF-Pl -binding protein; TSP-1, thrombospondin- 1 ; ELISA, enzyme-linked 
immunosorbent assay; MLEC, mink lung epithelial cell. 

► REFERENCES 





TOP 




ABSTRACT 




INTRODUCTION 




EXPERIMENTAL PROCEDURES 




RESULTS AND DISCUSSION 


■ 


REFERENCES 



1 . Massague, J. ( 1 998) Annu. Rev. Biochem. 67, 753-79 1 [CrossRef] [Medline] 
[Order article via Infotrieve] 

2. Munger, J. S., Harpel, J. G., Gleizes, P. E., Mazzieri, R., Nunes, I., and Rifkin, D. B. (1997) 
Kidney Int. 51, 1376-1382[Medline] [Order article via Infotrieve] 

3. Border, W. A., and Ruoslahti, E. (1992) J. Clin. Invest. 90, l-7[Medline] 
[Order article via Infotrieve] 

4. Sanford, L. P., Ormsby, I., Gittenberger-de-Groot, A. C., Sariola, H., Friedman, R., Boivin, G. P., 
Cardell, E. L., and Doetschman, T. (1997) Development (Camb.) 124, 2659-2670 
[Abstract/Free Full Text] 

5. Proetzel, G., Pawlowski, S. A., Wiles, M. V., Yin, M, Boivin, G. P., Howies, P. N., Ding, J., 
Ferguson, M. W., and Doetschman, T. (1995) Nat. Genet. 11, 409-4 19[Medline] 

[Order article via Infotrieve] 

6. Kaartinen, V., Voncken, J. W., Shuler, C, Warburton, D., Bu, D., Heisterkamp, N., and Groffen, 
J. (1995) Nat. Genet. 11, 4 15-420 [Medline] [Order article via Infotrieve] 

7. Kulkarni, A. B., Huh, C. G., Becker, D., Geiser, A., Lyght, M., Flanders, K. C., Roberts, A. B., 
Sporn, M. B., Ward, J. M., and Karlsson, S. (1993) Proc. Natl. Acad. Sci. U. S. A. 90, 770-774 
[Abstract] 

8. Shull, M. M., Ormsby, I., Kier, A. B., Pawlowski, S., Diebold, R. J., Yin, M., Allen, R., Sidman, 
C., Proetzel, G., Calvin, D., et al. (1992) Nature 359, 693-699[CrossRef][Medline] 

[Order article via Infotrieve] 

9. Boivin, G. P., O'Toole, B. A., Ormsby, I. E., Diebold, R. J., Eis, M. J., Doetschman, T., and Kier, 
A. B. (1995) Am. J. Pathol. 146, 276-288 [Abstract] 

10. Diebold, R. J., Eis, M. J., Yin, M., Ormsby, I., Boivin, G. P., Darrow, B. J., Saffitz, J. E., and 



http://www.jbc.org/cgi/content/full/275/24/17933 



6/28/2006 



Activation of Platelet-transforming Growth Factor beta -1 in the Absence of Thrombospondin- 1 Ab... Page 1 1 of 14 



Doetschman, T. (1995) Proc. Natl. Acad. Sci. U. S. A. 92, 12215-122 19[Abstract] 

11. Wahl, S. M. (1994)/. Exp. Med. 180, 1587-1590[Medline] [Order article via Infotrieve] 

12. Murphy-Ullrich, J. E., and Poczatek, M. (2000) Cytokine Growth Factor Rev. 11, 59-69 
[CrossRef] [Medline] [Order article via Infotrieve] 

13. Massague, J. (1990) Annu. Rev. Cell Biol. 6, 597-641 [CrossRef] 

14. Flaumenhaft, R., Abe, M., Sato, Y., Miyazono, K., Harpel, J., Heldin, C H., and Rifkin, D. B. 
(1993)7. Cell Biol. 120, 995-1002[Abstract] 

15. Munger, J. S., Huang, X., Kawakatsu, H., Griffiths, M. J. D., Dalton, S. L., Wu, J., Pittet, J. F., 
Kaminski, N., Garat, C, Matthay, M. A., Rifkin, D. B., and Sheppard, D. (1999) Cell 96, 319-328 
[Medline] [Order article via Infotrieve] 

16. Schultz-Cherry, S., Chen, W., Mosher, D. F., Misenheimer, T. M., Krutzsch, H. C, Roberts, D. 
D., and Murphy-Ullrich, J. E. (1995)7. Biol. Chem. 270, 7304-73 10[Abstract/Free Full Text] 

17. Schultz-Cherry, S., Lawler, J,, and Murphy-Ullrich, J. E. (1994) 7. Biol. Chem. 269, 26783-26788 
[Abstract/Free Full Text] 

18. Schultz-Cherry, S., Ribeiro, S., Gentry, L., and Murphy-Ullrich, J. E. (1994)7 Biol. Chem. 269, 
26775-26782 [Abstract/Free Full Text] 

19. Schultz-Cherry, S., and Murphy-Ullrich, J. E. (1993)7. Cell Biol. 122, 923-932[Abstract] 

20. Lawler, J. (1 986) Blood 67, 1 1 97- 1 209[Medline] [Order article via Infotrieve] 

21. Lawler, J., Sunday, M., Thibert, V., Duquette, M., George, E. L., Rayburn, H., and Hynes, R. O. 
(1998) 7. Clin. Invest. 101, 982-992[Abstract/Free Full Text] 

22. Murphy-Ulrich, J. E., Schultz-Cherry, S., and Hook, M. (1992) Mol. Biol. Cell 3, 181-188 
[Abstract] 

23. Ribeiro, S. M. F., Poczatek, M., Schultz-Cherry, S., Villain, M., and Murphy- Ullrich, J. E. (1999) 
7 Biol. Chem. 274, 13586-13593[Abstract/Free Full Text] 

24. Crawford, S. E., Stellmach, V., Murphy-Ullrich, J. E., Ribeiro, S. M. F., Lawler, J., Hynes, R. O., 
Boivin, G. P., and Bouck, N. (1998) Cell 93, 1 159-1 170[Medline] [Order article via Infotrieve] 

25. Abe, M., Harpel, J. G., Metz, C. N., Nunes, I., Loskutoff, D. J., and Rifkin, D. B. (1994) Anal. 
Biochem. 216, 276-284[CrossRef] [Medline] [Order article via Infotrieve] 

26. Phillips, D. R., Jennings, L. K., and Prasanna, H. R. (1980)7 Biol. Chem. 255, 1 1629-1 1632 
[Abstract/Free Full Text] 

27. Grainger, D, Wakefield, L., Bethell, H. W, Farndale, R. W, and Metcalfe, J. C. (1995) Nat. 
Med. 1, 932-937[Medline] [Order article via Infotrieve] 

28. Lawrence, D. A. (1996) Eur. Cytokine Netw. 7, 363-374[Medline] [Order article via Infotrieve] 

29. Lopez-Casillas, T. A., Cheifetz, S., Doody, J., Andres, J. L., Lane, W. S., and Massague, J. (1991) 
Cell 67, 785-795 [Medline] [Order article via Infotrieve] 

30. McCaffrey, T. A., Falcone, D. J., Vicente, D., Du, B., Consigli, S., and Borth, W. (1994) 7 Cell. 
Physiol. 159, 51-59[Medline] [Order article via Infotrieve] 

31. O'Connor-McCourt, M. D., and Wakefield, L. M. (1987) 7. Biol. Chem. 262, 14090-14099 
[Abstract/Free Full Text] 



http://www,jbc.org/cgi/content/ftall/275/24/17933 



6/28/2006 



Activation of Platelet-transforming Growth Factor beta -1 in the Absence of Thrombospondin-1 -- Ab... Page 12 of 14 



Copyright © 2000 by The American Society for Biochemistry and Molecular Biology, Inc. 



This article has been cited by other articles: (Search Google scholar for other 

Citing Articles) 

SSlISilll^^ ►HOME 

F. M. Omer, J. B. de Souza, P. H. Corran, A. A. Sultan, and E. 
M. Riley 

Activation of Transforming Growth Factor {beta} by 
Malaria Parasite-derived Metalloproteinases and a 
Thrombospondin-like Molecule 

J. Exp. Med., December 15, 2003; 198(12): 1817 - 1827. 
[Abstract] [Full Text] 



Y. Tang, M. L. McKinnon, L. M. Leong, S. A. B. Rusholme, S. 
Wang, and R. J. Akhurst 

Genetic modifiers interact with maternal determinants 
in vascular development of Tgfbl-/- mice 

Hum. Mol. Genet., July 1, 2003; 12(13): 1579 - 1589. 
[Abstract] [Full Text] [PDF] 




Nephrology Dialysis Trepidation 



_ ,. _ ; | ► HOME 

C. Hugo 

The thrombospondin l-TGF-{beta} axis in fibrotic 
renal disease 

Nephrol. Dial. Transplant., July 1, 2003; 18(7): 1241 - 1245. 



[Full Text] [PDF] 



M. P. Bracamonte, K. S. Rud, W. G. Owen, and V. M. Miller 
Ovariectomy increases mitogens and platelet-induced 
proliferation of arterial smooth muscle 

Am J Physiol Heart Circ Physiol, September 1, 2002; 283(3): 
H853 - 860. 

[Abstract] [Full Text] [PDF] 




EXPERIMENTAi! BIOLOGY AND MEDlGllEi 



ail,;' 



> HOME 



http://www.jbc.org/cgi/content/full/275/24/17933 



6/28/2006 



Activation of Platelet-transforming Growth Factor beta -1 in the Absence of Thrombospondin- 1 -- Ab... Page 13 of 14 




S. Tsutsumi, W. Tomisato, T. Hoshino, T. Tsuchiya, and T. 
Mizushima 

Transforming Growth Factor~{beta}l Is Responsible 
for Maturation-Dependent Spontaneous Apoptosis of 
Cultured Gastric Pit Cells 

Experimental Biology and Medicine, June 1, 2002; 227(6): 
402 - 411. 

[Abstract] [Full Text] [PDF] 



vaster htc*tD 



[►HOME 

H. Williams, J. L. Johnson, K. G. S. Carson, and C. L. Jackson 
Characteristics of Intact and Ruptured Atherosclerotic 
Plaques in Brachiocephalic Arteries of Apolipoprotein E 
Knockout Mice 

Arterioscler. Thromb. Vase. Biol., May 1, 2002; 22(5): 788 - 
792. 

[Abstract] [Full Text] [PDF] 











T. R. Kyriakides, Y.-H. Zhu, Z. Yang, G. Huynh, and P. 
Bornstein 

Altered Extracellular Matrix Remodeling and 



Angiogenesis in Sponge Granulomas of 
Thrombospondin 2-Null Mice 

Am. J. Pathol., October 1, 2001; 159(4): 1255 - 1262. 
[Abstract] [Full Text] 



This Article 

► Abstract free 

► Full Text (PDF) 

► All Versions of this Article: 
275/24/17933 most recent 
C000132200vl 

* Purchase Article 

► View Shopping Cart 

► Alert me when this article is cited 

► Alert me if a correction is posted 

► Citation Map 

Services 

► Email this article to a friend 

► Similar articles in this journal 



http://www.jbc.org/cgi/content/full/275/24/17933 



6/28/2006 



Activation of Platelet-transforming Growth Factor beta -1 in the Absence of Thrombospondin-1 - Ab... Page 14 of 14 
•* - k a ■•••«■ v 

Similar articles in PubMed 

► Alert me to new issues of the journal 

* Download to citation manager 

► Copyright Permissions 

Google Scholar 

► Articles by Abdelouahed, M. 

► Articles by Lawler, J. 

► Articles citing this Article 

PubMed 

► PubMed Citation 

* Articles by Abdelouahed, M. 

► Articles by Lawler, J. 



HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS 

All ASBMB Journals Molecular and Cellular Proteomics 

Journal of Lipid Research Biochemistry and Molecular Biology Education 

Copyright © 2000 by the American Society for Biochemistry and Molecular Biology. 



http://wwwjbc.org/cgi/content/full/275/24/ 1 7933 



6/28/2006 



